Abstract -Multi-channel multicast/broadcast solution is used to improve Quality of Service (QoS) /Quality of Experience (QoE) of Video-on-Demand (VoD) service in mobile Internet Protocol Television (IPTV) applications. In this paper, a SNR-based multi-channel multicast scheme (SBMM) for popular video in wireless networks is proposed. Different from the existing fast data broadcasting scheme (FB), the wireless channel Signal Noise Ratio (SNR) is taken into account in SBMM. The higher-SNR channel is assigned with a higher channel rate. The higher-rate channel is used to transmit higher priority chunks, through which users' waiting time is reduced and bandwidth utilization is improved. Simulation results show that 22.11% of FB's start-up delay is reduced in average by SBMM and 49.52% at most. Moreover, 4.01% of FB's download time is reduced in average by SBMM and 8.25% at most in the price of a small increase in buffer requirements. The additional space taken is 2.11% of the total video size in average and 6.19% at most. At the same time, SBMM can use bandwidth effectively through delivering chunks according to different priorities. As hardware technology develops, it is reasonable to reduce users' waiting time further in the price of a small increase in buffer requirements.
I. INTRODUCTION
As the development of wired and wireless Internet, a lot of multimedia applications are provided for millions of users. Internet Protocol Television (IPTV) has become the most popular application to meet the demand of entertainment in metropolitan areas. It enables people to transmit and receive multimedia streaming including video, audio, graphics, texts, and television signals through IP-based wired and wireless networks [1] . Among various IPTV services, Video-on-Demand (VoD) service is in high-profile because it allows users to select and watch their favorite programs on demand anytime and anywhere, even when they are on move. As multichannel technology and routing schemes develop in wireless networks [2] [3] The most important factor to influence users' QoE in multicast service for VoD traffic is users' waiting time whether in wired or wireless communication networks , multicast schemes which based on that have been used widely to support VoD service and some schemes such as Weight Pick in [4] was proposed to reduce multicast retransmission delay in order to improve service performance in wireless communication environments. [5] . Therefore, previous works such as [6] [7] [8] [9] [10] [11] [12] [13] [15] [16] focus on how to reduce users' waiting time. Among that, papers [6] [7] [8] [9] [10] [11] [12] [13] are based on wired networks such as cable TV and papers [14] [15] [16] are based on wireless networks such as mobile TV [17] [18] and WiMAX [19] b i
. Literatures [6] and [13] proposed a fast data broadcasting and receiving scheme (FB) to reduce waiting time and used fewer bandwidths under the condition of the same waiting time simultaneously. An efficient recursive frequency-splitting (RFS) scheme is proposed in [12] , which can significantly reduce the users' waiting time in cable TV applications as compared to [6] by replacement chunks based on slot sequence. Literature [14] proposed an adaptive hybrid transmission mechanism based on FB scheme in wireless networks (WiMAX) to reduce the blocking probability. Literature [15] [16] has combined FB scheme and Patching algorithm in mobile IPTV environment in order to support continuous playback and reduce the waiting time. However, the transmission rates of multiple channels in [6] [7] [8] [9] [10] and [12] [13] [14] [15] [16] are identical and fixed with the video consumption rate. Though in [11] channels are divided into different transmission rates, they are also fixed with the value where b represents the consumption rate and i is the channel number. The proposed scheme is originally motivated from FB scheme in [6, 13] and improve it to adapt to wireless environment such as WiMAX .The essential difference between wired and wireless networks is the channel conditions of latter vary over time, such as bandwidth, channel capacities , Signal-Noise-Ratio (SNR) and so on. Fixed data delivery strategy in wired environment can not be adopted directly in wireless environment. Therefore, taking the dynamic channel attribute in wireless networks into account, this paper focuses on how to dynamically adjust the video data distribution strategy according to different channel conditions, in order to maximize the total utilization of channel bandwidth.
FB divides the resources into K identical-rate channels and divides the VoD content into N identical chunks, then puts them into K channels in the order of 1,2,4,8… 2 K and repeatedly broadcasts these chunks in multiple channels. Thus, anytime when users request the video they can download the first chunk within the shortest time and the total download time is not more than the download time of 2 K chunks in the last channel. However, different channels have different (SNR) in wireless environment so that the channel capacities are different. The channel capacities of some low-SNR channels maybe lower than the video consumption rate and that of the other high-SNR channels maybe higher than the video consumption rate. FB scheme fixed the channel rate with the video consumption rate without regard of the SNR so that the theoretical optimal waiting time maybe not reached in wireless scene. Therefore, a major concern of this paper is how to delivery VoD chunks based on SNR to further reduce users' waiting time and improve utilization of bandwidth resources. The proposed scheme use SNR as channel feedback to evaluate the corresponding channel rates, then put the high-priority chunks into high-rate channels, through which users' start-up delay and download time can be reduced and the utilization of bandwidth resources can be improved.
The paper is organized as follows. In section II, we briefly describe existing FB scheme and propose a SNR based multi-channel multicast (SBMM) scheme. Details on analysis and simulation results are discussed in section III. Conclusions are drawn In section IV.
II. THE EXISTING FB SCHEME AND THE PROPOSED SBMM SCHEME
A. The Existing FB Scheme
The existing FB scheme is illustrated in Fig. 1 and Fig.  2 .
In FB scheme, fixed-length video with length D is given. The consumption rate of the video is b and the total bandwidth that we can assign for the video is B .
The total channel rates can be reached 
B. The Proposed SBMM Scheme
When all channel rates are more than or equal to the consumption rate and are identical, FB could meet the users' waiting time demand in theory. However, the channel capacity is influenced by SNR so that the channel capacities of some low-SNR channels maybe lower than b and that of the other high-SNR channels maybe higher than b . The theoretical optimal value maybe not reached in the former situation, and the bandwidth utilization is decreased in the later situation. Furthermore, some scattered channel resources may exist in the system which has low channel rates. Thus, the low-SNR channels and the scattered bandwidth resources are wasted in FB according to the theoretical conditions of FB. Therefore, we propose a SNR based multi-channel multicast (SBMM) scheme in this part to reduce the impact of time-varying wireless channels on users' waiting time and make use of bandwidth resources effectively. Fig. 3 depicts the proposed service procedures.
In wireless networks such as WiMAX, the MBS server performs Membership management, MBS Zone management, Video segment and Security functions [14] and so on. When a user sends a VoD request to MBS server, MBS server authorizes the user to activate an MBS service. Then the user joins a multicast group to receive video data. Generally, there is a group leader in each group, which is responsible for manage group members. In order to reflect the channel conditions, the group leader's receiver sends the channel feedback including SNR to the base station transmitter periodically. Then the scheduler multicasts the video segments based on channel feedback through multi-channels to the user. is the bandwidth taken by channel i C . Obviously, it is waste to delivery the same size of chunks using higher-rate channels compared to lower-rate channels. Therefore, we sort them in descending order first and assign a higher speed for the higher-SNR channel. Therefore, 
on channel i C , only M out of K channels are needed. Therefore, the procedure of our proposed scheme is as follows.
• Put the beginning 1 /
on the first channel repeatedly.
• Put the followed • Put the final 
III. ANALYSIS AND SIMULATION RESULTS
We analyze the performance of SBMM scheme from the following aspects: users' start-up delay, total download time, users' buffer requirements and bandwidth utilization. The VoD file with playback speed of 3Mbps was transmitted on  wireless channels, where  ranges from 1 to 8 with intervals of 0.1. The VoD file's playback time is 100 minutes and the total file size is 2.25GB.For SBMM scheme, we assume the SNR feedback by channels range from 0.1dB to 9dB. For FB scheme, all channels' SNR are the same. We simulated the above four factors of SBMM and FB and analyzed them as followes.
A. Users' Start-up Delay
Suppose the client end has sufficient buffer space to store the video. A user starts to play the video when 1 S is being downloaded. 
Therefore, on the condition of enough buffer space, the maximum start-up delay of our scheme is:
(1) Fig. 6 depicts the relationship between bandwidth and maximum start-up delay (unit:D). It is seen that the startup delay of SBMM is much smaller than that of FB. The average start-up delay of our scheme is 0.2092 while 0.2686 for FB scheme. The start-up delay reduction is 0.0594 in average and 0.3716 at most. This means, the proposed scheme reduces 22.11% of FB's start-up delay in average and 49.52% of FB's at most. For a video with length 100 minutes, there are 5.94 minutes reduced in average and 37.16 minutes reduced at most in terms of start-up delay.
Under the influence of SNR, channel capacities are different in size, some low-SNR channel resources limit the theoretical value of FB and the other high-SNR channel resources are not used efficiently in FB. However, SBMM can make full use of them to transmit chunks in different priorities. In FB scheme, the number of chunks must be decreased and the size of each chunk must be increased in order to make use of low-capacity channel resources. As we can know from formula (1), the start-up delay is proportional to the chunk size. Therefore, the start-up delay of FB increases with the spread of chunk size. The proposed scheme makes users choose a video and start to watch it within a shorter period, which reduces the probability that users leave or reconnect again. Thus, in dynamic wireless networks, the system overhead used for user access can be greatly reduced by our scheme.
B. Total Download Time
Suppose the client end has sufficient buffer to store the video. For the reason that the last two channels take the longest time to download continuous chunks, so the total download time of MCM scheme is divided into two cases:
• If the transmission time of chunks transmitted by channel M C are more than that transmitted by
, then the total download time:
• If the transmission time of chunks transmitted by channel M C are less than that transmitted by Fig. 7 , then the total download time: scheme while only one chunk for FB. Thus, the maximum channels are wasted by FB and the poor channels are over-relied which is unfair and inefficient. The worst situation is that exponential increase in number of chunks makes most of chunks fall behind on the lowcapacity channels for FB. However, SBMM adopts 'strong with priority' strategy to make reasonable allocation of channel resources. Therefore, FB takes more time to transmit than SBMM. The total download time is one of the most important factors to influence users' QoE. In multicast systems, users release channel resources after the video is downloaded. Channel occupancy time taken by users is reduced with the reduction in total download time. Thus, the SBMM scheme can improve utilization rate of channel resources by reducing download time.
C. Users' Buffer Requirements
We have to store portion of the movie on buffer since that the arriving rate is greater than the reception rate. Within the period of T in equation (2) and (3), the STB will receive all N chunks but the data size that has been consumed within this period is T b  . If it is the first case in section 3.2, the uses' buffer requirements will be:
If it is the second case in section 3.2, the uses' buffer requirements will be: Fig. 9 depicts the relationship between bandwidth and buffer requirements (unit: D b  ). It is seen that SBMM takes a little more buffer space than FB does. That is because the start-up delay and total download time of SBMM are smaller than FB's which means the download speed is faster. Therefore, SBMM need more buffer space to save the download data at the same time. The extra taken buffer space as compared to FB is 0.0211 in average and 0.0619 at most. That is to say, the additional taken space is 2.11% of the total video size in average and 6.19% at most. The less time users take to start-up and download, the more access rate required by users' disk, thus the more buffer space required to download this video. However, as hardware technology especially mobile IPTV terminal i.e. Set-Top-Box (STB) technology advances, buffer space is not a problem for VoD service. When users have enough buffer disks to watch movies on internet, they are more time-sensitive than space-sensitive. Therefore, it is feasible to exchange a little space for more time.
D. Bandwidth Utilization
According to section 2.2, In actual scene, the given bandwidth resources may discrete. Some scattered channel rates may be lower than the video consumption rate. In FB scheme, these channels must be discarded otherwise the theoretical value of FB can't be reached. While in our proposed scheme, we make use of these channels to transmit low-priority chunks. Therefore, we define bandwidth utilization here as the ratio between bandwidth used for transmission and total given bandwidth. It represents the bandwidth can be used by the scheme. Thus, for a given bandwidth for our scheme is:
For FB scheme, for a given bandwidth B the bandwidth utilization FB U is equal to the sum of all bandwidth which is not less than the consumption rate, then
Fig. 10 depicts the bandwidth utilization of our scheme compared with that of FB. Obviously, bandwidth utilization of our scheme is much larger than that of FB. Due to different SNR of wireless link lead to different channel capacities, there are some low-capacity channels in wireless system. Any channel resources regardless of channel capacities can be used by SBMM; however, the channels whose capacities are smaller than the consumption rate could not be used by FB scheme according to the assumption of FB. Thus, SBMM can make use of bandwidth resources effectively.
We also simulate the proposed scheme and FB scheme under the same bandwidth utilization. The simulation results are shown in table 1. As we can see from table 1, the start-up delay and total download time of our scheme are 47.92% and 20.22% fewer than that of FB in average, while the buffer requirements are 23.08% more than that of FB. Therefore, the start-up delay, download time and buffer requirements results under the same bandwidth utilization are similar to that under the same SNR. Therefore, the proposed scheme performs better in terms of user's waiting time than FB under the same bandwidth utilization. 
IV. CONCLUSIONS
In current mobile IPTV such as VoD services, 80% of users request for 20% contents, thus multicast mechanism is a feasible solution for the hot videos. Users in the same multicast group can share common channels to access and download. However, different channel conditions such as channel capacities reflected by SNR are not considered in previous works. In this paper, we proposed the SBMM scheme that taken SNR as channel feedback. From numerical analysis and simulations, we can see that the proposed scheme reduces 22.11% of FB's start-up delay in average and 49.52% of FB's at most, while reduced 4.01% of FB's download time in average and 8.25% of FB's at most in the price of a small increase in buffer requirements. For a video with size of 2.25GB, 48.61MB more size are taken by SBMM in average and 142.62MB at most. At the same time, SBMM can use bandwidth effectively through delivering chunks by priority. As hardware technology especially STB technology develops, disk space is enough for users to watch and download VoD contents, even high definition videos. Therefore, it is reasonable to further reduce users' start-up delay and total download time in the price of a small increase in buffer requirements. Future work needs to consider how to improve QoS/QoE in VoD service when the channel condition is poor. 
